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The  Cellular  Reactions  Associated  with  Strop to coccal  Infections 

Studios  cn  th,  cellul  r  react!  ns  non  tic  nod  in  the  previtus  progress 
report  have  been  completes.  It  has  boon  confirmed  that  tiw  first  cells 
uiilc.  appear  in  the  lunys  after  the  intratrochael  injection  of  Group  A, 

T:pe  3  Strep,  pyogenes  arc  histiocytos.  Tlioee  oro  by  fax-  tho  predominant 
coll  type  in  tho  first  2  to  3  hours  after  injection.  All  of  the 
phagocytosis  of  Sti-eptococcus  in  tho  early  part  of  the  infection  is  carried 
out  by  '  istiocytcs.  '  ffoutropirflcc,  uhich  become  prodoi.iinant  3  to  U  hours 
fcllocrlng  injection  are  crJL  nodorctoly  active  later  in  the  course  of  the 
injoctic  n.  Those  studies  also  sltcuod  that  the  coll  rospcnaiblo  for  the 
final  cleanin'  up  of  the  inf action  is  the  histiocyte.  The:®  results  were 
obtained  n  the  hai:istcr  lung,  and  confirm  completely  studies  of  the  »«"■ 
typo  carried  •  ut  I;  years  a^o.  In  order  tr  determine  whether  the  cellular 
rosnrnoe  observed  ;.no  a  r  irticulfer  foat'xre  of  the  lamster  or  of  pulmonary 
tissue,  r.ecticns  with  the  sane  t?.-pe  of  beta-hemolytic  streptococcus  were 
produced  in  i. to  shin  of  rabbits,  guinea  pigs  aid  hamsters,  in  the  thigh 
muscles  f  hanctars,  guinea  i  igc  and  rabbits  and  in  tho  lungs  of  guioM 
rigr  a  d  rabbits.  Tissues  ;;aro  removed  at  10  minutes,  1/2  hour,  1  hour, 

Jt,  0,  12,  2li,  72  end  1 T  hours  after  nfocti cn  and  tho  cellular  rsaotiens 
studied,  ftcr  proper  lining  ch  denonstratsd  bacteria  as  well  as  cell 
type.  The  reactions  In  the  lungs  of  tho  hamster,  guinea  pig  and  rabbit  were 
identical.  The  fret  cell  to  apnoar  in  the  skin  and  muscles  was  the  nsutro- 
philo  nd  all  of  td  ;  ha.ceytesic  appeared  to  be  carried  out  by  thia  cell. 

TIic  histiocyte  :;a?  cf  importance  In  streptococcal  infection  of  those  tissues 
mainly  in  the  late  .ta,-ec  \f.\on  it  appoarsd  to  a 'year  in  large  numbers  to 
clean  up  necrotic  debris.  Tho  studies  indicats  that  an  oarly  outpouring  of 
hist  oc.-vos  and  activo  phagocytosis  o,  stroptococc  \  by  this  cell  type  is  a 
characteristic  <  f  pulmonary  infection  and  that  it  is  ..ot  associated  with 
any  rart.culor  a.  cci  c  of  ni.  al.  Tills  work  ha3  n.  u  been  completed  end  the 
results  a:®  re".;  hoi. .g  prepared  for  publication. 

ftucl  os  V-  tii  Tract.',  r.a  cf  t.c  3ota-hcnolyiic  Utreptc coccus 

ivr  romps  cf  fract_-  is  were  pro.  srod  from  the  cellular  <*  n tents 
cf  'hypo  3  beta-’ ic.  r lytic  iareptcccccus  accord  ny  U  mctliods  previously 
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described  aid  la.elod  PI,  P2,  P3,  Pit#  P$#  P<$#  P7,  P8,  P9  and  P10  and 
A,  3,  c,  3,  u,  1',  and  0.  These  fraetime  wore  prepared  by  precipita¬ 
tion  using  tiff-rent  pli  levels  and  ionic  strengths  of  sodium  chloride 
as  veil  as  varying  concentrations  of  ethyl  alcohol*  In  addition,  ex¬ 
tracts  of  dried  streptococcal  colic  ia  large  quantity  were  made  using 
othyl  other,  chloroform  and  petroleum  other.  Tiiese  20  fractions  were 
studied  by  various  methods. 

1.  The  Injection  of  Streptococcal  Fractions  into  Animals 

All  of  the  20  fractions  mentioned  above  were  injected  into 
nnitnnin  end  tlio  tissue  reactions  studied  using  sterile  saline 
as  control  material  for  the  P  and  A— 0  fractions  and  sterile  oils 
as  control  for  the  fate  extracted  from  tie  Streptoeoeous.  No 
specific  cellular  reactions  were  produced  in  aidLn,  lungs,  or 
nuscle  tissue  follotring  injection  of  the  various  fractions* 

Alt' '.curb  the  streptococcal  fats  produced  necrosis  of  the  skin 
of  rabbits  and  guinea  pigs  viien  injected  ondorrmlly,  study  of 
the  Cvllular  reactions  microscopically  revealed  no  essential 
difference  from  tiioso  obaorvod  uhen  sterile  mineral,  peanut  or 
sesame  oils  were  injected* 

All  of  th*  I,  A-G,  and  fat  extracts  vers  injected  in 
var  ini:  quantities,  into  the  tail  vein  of  ados,  sons  animals 
recciv’ng  a  single  injection  id  ills  others  were  given  several 
injections  rt  weekly  intervals*  At  periodic  intervals  after 
injection,  the  nice  wore  sacrificed  and  t’*  heart  and  kidneys 
studied  r.iicrcsoopicolly,  after  proper  staining*  Mo  specific 
lesions  uero  noted  in  any  of  these  animals  with  the  osessicnsl 
exception  of  interstitial  collection  of  lymphocytes  and  histio¬ 
cytes.  These  lesions  ueio  not  constant  and  wore  noted*  further¬ 
more,  in  control  mice  which  had  received  0.85  per  cent  saline 
intravenously. 

2.  The  Injection  of  streptococcal  Fractions  into  Babnrooatsd 
*£S2 

All  of  tho  P,  A-G  and  fat  fractions  hems  beat  injected 
in  known  quantities  into  ombiyonated  eggs  and  the  mortality 
rates  studied.  Twenty  eggs  have  been  injected  with  each  fraction 
up  to  the  present  end  tlie  results  obtained  suggest  that  occrtain 
fractions  produce  death  of  the  embryo  while  others  do  not  qppear 
to  interfere  with  devolcpnoot*  Seme  of  the  chicks  developing 
from  erfcr.os  ufiich  had  been  exposod  to  various  of  the  strepto¬ 
coccal  fractions  were  born  V  th  dafb  mod  feet  euggestii^  the 
presence  cf  an  arthritis*  this  p'renonenon  was  not  observed  in 
chicks  developing  fren  "control  eggs".  This  work  has  not  yet 
been  collated  and  is  s  till  being  carried  out.  It  is  planned 
to  inoculate  at  least  100  eggs  with  each  fraction  in  order  to  cV*sin 
data  which  are  statistically  significant  when  ocepared  to  controls* 
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The  Joint  chances  and  duration  of  life  of  chides  developing 
fr  m  sees  inoculated  with  non-lethal  fractions  is  also  still 
being  studied  at  present* 

3,  Immunization  of  Rabbits  with  streptococcal  Fractions 

All  of  the  P  and  A-G  fractions  have  boen  inoculated  into 
tie  ear  veins  of  rabbits  repeatedly.  Control  animals  received 
saline  intravenously  while  another  croup  of  rabbits  was  injected 
with  suspensions  of  dead,  whole  streptococci  of  the  sane  type 
os  that  from  which  the  fractions  wore  prepared.  Serums  were 
collected  at  periodic  intervals  during  the  period  of  immunization 
which  was  carried  on  for  6  months*  Precipitating  antibody 
filtrations  against  tho  various  fractions  wore  carried  out  using 
the  Lancefield  microprecipitin  technic.  The  presence  of  anti¬ 
body  was  also  studied  by  a  method  involving  the  coating  of  red 
blood  cells  with  the  fractions  of  the  strep toooccus  and  exposing 
these  coated  cells  to  oach  of  the  rabbit  sera  in  the  absence  or* 
presence  of  complement.  Four  of  the  P  fractions  and  2  of  the 
A-G  fractions  wore  found  to  be  antigonic  by  the  prednitation 
test.  In  all  instances,  however,  sera  obtained  late  in  the  course 
of  inauni  »tion  appeared  to  have  lost  the  ability  to  precipitate 
the  specific  antigen.  Serum  obtained  from  rabbits  immunised  with 
whole  dead  streptococci  contained  antibody  for  one  of  the  A-G 
and  '6  of  the  P  fractions.  In  no  instance  was  any  cross-reaction 
observed  in  the  sera  produced  by  iznmisation  with  fractions.  In 
the  absence  cf  corp lament,  no  reaction  was  observed  whan  red  bleed 
colls  coated  with  fractions  were  exposed  to  the  specific  ears* 

In  the  presence  of  complement,  hemolysis  of  ooated  red  bleed  oella 
occurred  with  most  of  the  sera  suggesting  a  high  degree  cf  erase 
reactivity  between  the  fractions,  alt'reuh  this  is  probably  a  highly 
sensitive  method  and  open  to  some  question  in  relation  to  non¬ 
specific  cross-reactivity*  The  sera  obtained  following  iaonnisstioa 
with  whole,  dead  streptooocci  contained  large  quantities  cf  preelpi- 
tating  antibody  for  highly  purified  type  specific  maoleoproteln 
(Type  3M) .  This  work  is  being  continued. 

i»  Antibodies  to  Streptococcal  Fractions  in  Inman  Sera 

The  scrums  of  100  patient  3  with  rheumatic  fever  (active  and 
inactive),  100  patients  with  scarlet  fever  (acute  and  late 
convalescent  stages)  and  200  people  with  a  variety  cf  infectious 
and  non-infoctious  disease  were  examined  for  proeipitatiw 
antibody  to  all  of  the  P  and  A-G  fractions  using  the  dtaro- 
precipitin  tochnicof  Lancefiold.  All  of  the  fractions  were 
first  examined  for  the  presence  of  the  Type  3  specific  K  «d 
wore  found  to  contain  tliis  nucleoprotein.  When  tasted  with  type- 
specific  sera  against  most  of  the  other  serological  types  cf 
streptococci,  no  II  substance  other  than  type  3  was  found* 
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Since,  as  noted  below,  sorvo  of  the  human  esruxne  e:<amined  revealed 
precipitin  for  a  broad  variety  of  types  ( ^’datively  infrequently 
to  t;T>o  3)  while  others  contained  no  antibody  for  W  of  the  M 
substances  of  the  Streptococcus,  it  may  be  concluded  that  the 
precipitation  observed  when  human  sera  and  streptococcal  fractions 
\:ei'Q  nixed  resulted  probcb  ly  from  a  specif ic  sntigen— antibody  reae* 
tion  and  was  not  due  merely  to  non-specific  reaction  with  the  M  sub¬ 
stance  contained  in  the  fractions.  As  noted  in  the  previous  progress 
report  651  of  tho  rheumatic  fovor  patients,  202  of  thoee  with  scarlet 
fever  and  cr.ly  51  of  those  who  had  neither  of  these  diseases  showed 
precipitation  when  the.'r  serum  tms  mixed  with  one  of  the  P  fractions. 

A  similar  preponderance  of  reactivity  was  noted  with  rheumatic  fever 
serum  and  one  of  thoA-0  fractions.  Plotting  of  tho  precipitin 
reactions  against  the  fractions  used  suggests  that  3  patterns  of 
reactivity  with  the  P  fractions  used  be  associated  with  the  diseases 
studied.  Thus,  with  rheumatic  fever  the  highest  order  of  reactivity 
is  in  the  range  of  fractions  PI,  P2  and  P3,  with  scarlet  fever  sera 
it  is  -JWinly  P3  and  Pli,  while  the  normal  sera  the  entire  range  of 
reaction  is  low  with  all  fractions.  The  so  data  suggest  the  possi¬ 
bility  of  studying  rheumatic  fever  (using  scarlet  favor  and  other 
infectious  disease  patients  as  controls)  for  tho  presence  of  this 
typo  of  precipitating  reaction  in  the  hope  that  the  confirmation 
of  a  spocific  pattern  of  reactivity  with  the  P  fractions  may  be 
helped  in  establielving  diagnosis  of  this  disease.  This  work  will 
be  axtended  during  tho  next  £m  years  to  include  study  of  sera 
obtained  during  vrrious  stages  of  rheumatic  activity  and  sera 
obtained  fren  patients  with  uncomplicated  streptococcal  infection  as 
well  as  other  diseases. 

III.  Studies  of  /uatibodles  to  Various  Specific  Wuclooprotolna  (H)  of  the  Strepto- 
ooccus  in  human  SSLood 


These  studies,  mentioned  in  last  year' s  progress  report,  have  now  been 
completed  and  tho  results  ere  In  tho  process  of  being  gathered  and  tabulated 
for  publication.  It  lias  been  found  that  the  serums  of  rheumatic  fever  pa¬ 
tients  contain  precipitating  antibody  to  anywhere  from  $  to  20  of  the 
specific  serologic  types.  The  scrums  of  scarlet  fever  patients,  on  tho 
other  hand,  react  with  fow  !l*e  uhile  those  of  normal  people  react  to  even 
a  smaller  extent.  It  is  planned  to  extend  these  studies  in  the  future  to 
include  several  thousand  poopla  from  various  parts  of  the  world  and  to 
study  the  distribution  cf  anti-1 1  antibody  as  related  to  age. 

Studies  on  the  relationship  of  the  presence  of  antl-tf  precipitating 
antibody  in  the  serum  and  t Ikj  bactericidal  potency  against  the  sane 
serolrgical  type  of  Streptococcus  have  bean  consisted.  No  correlation 
could  be  established  between  tho  presence  of  precipitating  antibody  for 
tho  typo  -  specific  neuclecprotoin  of  c  strain  of  Streptococcus  and 
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-tjie  oi‘  1  :i-  ceium  to  i :il f.  organism.''.  of  the  c'-use  serological  tjpe* 

Tins  TjiSii'  be  due  to  tec  leu  titer  of  prccipiix&ing  antibody  noted  in  most 
of  the  e errata. 

Preparation  of  Strain.;  oi  Stientococci  Virulent  for  t-fl.ee  and  Vibration  of 
llvese  dtrcilns  for  the '  j  ufoc  obcl"  Iproduciri?:  trvmnxFirrtg  Materials 

TM  rty-two  different  serological  types  of  beta-hemolytic  Streptococcus, 
none  of  which  were  virulent  for  uhite  mice,  have  been  inoculated  into  these 
animals,  recovered  and  passed  into  new  animals  repo atedly  for  the  last  one 
anc  ne-helf  yocrs.  'I'uir.ty  of  these  strains  nr.?  :. ill,  mice  in  18  hours  after 
intrsperitoneal  inject ion  of  0.1  ml.  of  a  10  J;  tw  lo-£  dilution.  Seven 
strains  kill  only  v.iu.'!  <;s  ven  in  a  dilution  of  10-4-  -o  10-3  while  the  other 
5  strains  have  shorn  iwttie  cr  no  increase  in  virulence. 

All  of  there  sir  .inf;  of  Streptococci  have  been  gr own  in  large  quanti¬ 
ties  o«5  rubjcctod  tc  .•'cui.c  vibration.  Preparation::  from  these  vibrated 
streptococci  will  bo  •.-sad  in  various  feme  in  an  .h  tempt  to  imuniae  rab¬ 
bits  at  first,  and  la  lor  ainans  in  order  to-  wtuoy  the  bactericidal 
capacity  of  the  ewrur  and  its  durable  n.  »i-tudiee  c-.ro  also  planned  to 
do  term  ire  whether  any  c  rose -reaction  in  bactericidal  effects  occurs  among 
the  v: ricuc  types, 

Ilcctrophores.l s  of  btrxptococ cal  Fractions 

Tuo  of  the  fractions  have  boen  subjected  tc  study  in  tiro  Tiselius 
electrophoresis  apparatus  up  to  tlio  present.  These  show  quite  distinct 
patterns  suggesting  a  fixture,  of  several  components  rather  than  a  single 
substance.  Tills  study  lms  just  been  initiated  and  will  continue  for  at 
least  the  rc  iainder  of  the  your. 

The  Product  in  of  Cmkac  Legions  in  Guinea  Pigs 

file  work  cf  Vrnp-.y  and  drift  in  which card>AC  lesions  resembling 
tiwse  of  rheumtx'.  favor  -ore  isroducod  in  vabblia  by  repeated  infection 
of  the  tf  tin  with  di.f£<  rent  serological  types  of  be ta-iiouolytic  Strep¬ 
tococcus  is  boin  :  repeated,  die  guinea  pi g  is  being  used  because  of 
the  relative  case  u'.ti  which  this  animal  can  bo  sensitized.  Inraunologic 
and  p atholcgic  sfuLn  of  the  fa#  typo  carried  out  by  Murphy  and  Swift 
will.  Iw  done  on  the  ji.  nc.i  :i;c,  This  work  nas  just  boon  started  and 
will,  probably  roquirx  a  y.;a*  to  conplc tc. 


the  dbility  of  the  serum  to  irill  orgsiisms  of  the  some  serological  type. 

This  may  be  due  to  the  lev  titer  of  precipitating  antibody  noted  in  most 
of  the  scrums. 

IV.  Preparation  of  Strain  3  of  stt  ento cocci  Virulent  for  I-3.ee  and  Vibration  of 
Tfiese  51’roins  for  the  Iwroc so  of  ^reducing  trs-juni zl'tg  llaierials  "  . " 

■  . . . . .  mtmmmmm . <m— — m— 

Thirty-two  different  serological  types  of  beta-hemolytic  Streptococcus, 
none  of  which  wera  virulent  for  white  mice,  have  been  inoculated  into  these 
animals,  recovered  and  passed  into  new  animals  repoutedly  for  the  last  one 
anc  crse-half  yoors.  Twenty  of  those  strains  now  kill  mice  in  18  hours  after 
intrapeidtoneal  infection  of  0.1  ml.  of  a  10 -h  tw  10-6  dilution.  Seven 
strains  kill  only  when  given  in  a  dilution  of  30-2  to  10-3  while  the  other 
$  strains  have  shorn  little  or  no  increase  in  virulence. 


All  of  these  sir  reins  of  Streptococci  have  been  grown  in  large  quanti¬ 
ties  and  subjected  to  jwiic  \lbraticn.  Preparation'!  from  these  vibrated 
streptococci  trill  bo  used  in  various  forms  in  an  attempt  to  immunize  rab¬ 
bits  at  first,  and  labor  hunens  in  order  to  study  the  bactericidal 
capacity  of  the  sorur.  cuiu  itf:  durable n,  Studies  are  also  planned  to 
determine  whether  any  cress-reaction  in  bactericidal  effects  occurs  among 
tho  various  typos. 

V.  ilcetr spheres!  s  of  Streptococcal  Fractions 


T:»  of  tho  P  fractions  lava  boen  subjected  tc  study  in  tho  Tiselius 
electrophoresis  apparatus  up  to  tho  present.  These  show  quite  distinct 
patterns  suggestin''  a  mixture  of  several  components  rather  than  a  single 
substance.  This  study  lias  just  been  initiated  and  will  continue  for  at 
least  the  remainder  of  the  year. 

VI.  The  Production  of  Cardiac  Legions  in  Guinea  Piga 

The  work  of  Hurply  .and  Swift  in  which  cardiac  lesions  resembling 
those  of  rheumatic  fever  j&rc  produced  in  rabbits  by  repeated  infection 
of  the  S?cin  with  different  serological  typos  of  be ta-homolytic  Strep¬ 
tococcus  is  being  repeated,  ihc  guinea  pig  is  being  used  because  of 
the  relative  case  with  which  this  animal  con  be  sensitized.  Immunologic 
and  pathologic  studies  of  the  sc.  o  type  carried  out  by  Murphy  nnp  Swift 
will  be  done  on  the  guinea  pigs.  This  work  has  just  boon  started  and 
will  probably  require  a  yon*  to  conplotc. 


